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(57) Abstract: A weld across a joint is formed 
between superposed plate workpieces (W) comprising 
a first plate workpiece (Wl) made up of one or more 
plates and a second plate workpiece (W2) made 
up of a single plate having a joint bore (10) formed 
therein by grasping the superposed plate workpieces 
between a rotating friction agitation welding tool 
(4) and a back-up tool (5), rotating and advancing 
the friction agitation welding tool (4) toward the 
back-up tool (5) in an axis of welding to force 
the friction agitation welding tool (4) to penetrate 
into the first plate workpiece (Wl) while urging 
the friction agitation welding tool (4) and the first 
plate workpiece (Wl) together whereby generating 
frictional heat to plasticize workpiece material around 
the friction agitation welding tool (4) and cramming a 
plasticized workpiece material into the joint bore (10) 
of the second plate workpiece (W2) and allowing the 
plasticized workpiece material to solidify. 
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METHOD AND DEVICE FOR FRICTION AGITATION WELDING 
BACKGROUND OF THE INVENTION 

1 . Field of the invention 

The present invention relates to a method and a device for friction agitation welding. 

2. Description of Related Ait 

There have been widely known welding methods using friction agitation. One of such fee 
welding methods is known as a spot welding method, disclosed in U.S. Patent Application 
Publication 2001/0045447, that includes die step of moving a rotating welding tool downward so 
as to apply pressure against plate woxkpieces superposed on each other in an axial direction of a 
joint and to generate heat between the rotating welding tool and the superposed plate workpieces 
as the rotating welding tool so as to plastioize a workpiece material around the rotating welding 
tool, thereby allowing the rotating welding tool to penetrate into one plate workpiece. The 
penetration of the rotating welding tool results in a plastic flow of a material of the one plate 
workpieces adjacent an interface of the superposed plate workpieces, thereby forming a spot 
weld across the joint between the superposed plate workpieces. 

In the prior art welding method, the rotating welding tool is hard to force a plasticized 
workpiece material to be crammed down deeply into another plate workpiece. The spot weld is 
limited to a shallow region where the plastic flow of workpieoe material is created near the 



1 



WO 2004/037478 




!Z2003/000061 



interface between the superposed plate woikpieces and a little weak in the joint consequently. In 
light of the weak joint strength of the prior art welding method, it has been required to increase 
joint strength 

SUMMARY OF THE INVENTION 
It is therefore an object of the present invention to provide a friction agitation welding 
method and device that provide enhanced joint strength of a weld across a joint between 
superposed plate workpieces. 

The foregoing object of the present invention is accomplished by a friction agitation 
welding , method comprising the steps of disposing and grasping superposed plate workpieces 
comprising a first or upper plate workpiece made up of one or more plates and a second or lower 
plate workpiece made up of a single plate having a through hole or bore as a joint bore formed 
therein between a rotatably driven friction agitation welding tool and a "back-up tool which are 
opposed to and spaced apart from each other in a predetermined welding path, the second plate 
workpiece being placed with the joint bore faced to the back-up tool, and rotating and advancing 
the friction agitation welding tool toward the back-up tool in die predetermined welding path to 
cause the friction agitation welding tool to penetrate into the second plate wirkpiece while urging 
the friction agitation welding tool and the first plate workpiece together whereby generating 
frictional heat to create a plasticized region in a workpiece material around said friction agitation 
welding tool and cramming a plasticized workpiece material into the joint bore of the second 
plate workpiece. 
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Rotation and penetration of the friction agitation welding tool crams a plasticized 
workpiece material into the joint bore of the second plate workpiece and causes a plastic flow 
of the plasticized workpiece material as the fiiction agitation welding tool is further advanced. 
As a result, large force for pressure welding is exerted on an inner wall of the joint bore as a 
surface region of the first plate workpiece is plasticized, so as to provide a strong weld over a 
wide area of a joint including the inner surface of the joint bore, thereby improving joint 
strength between the superposed plate workpieces. 

The plasticized material crammed into the joint bore is partly allowed to run off out of the 
joint bore and to spread outward in radial directions around the joint bore. When the plasticized 
workpiece material is solidified, the second plate workpiece is firmly held between the solidified 
workpiece material crammed in the joint bore and the first plate workpiece. Therefore, the 
superposed plate workpieces are mechanically firmly joined together with an increased joint 
strength in the direction of superposition. 

While the fiiction agitation welding tool and the first plate workpiece are urged together, 
pressure is applied to the second plate workpiece in a region around the joint bore from the 
outside by the back-up tool and is relieved from the first plate workpiece in a corresponding 
region. Accordingly, as the workpiece material is plasticized with frictional heat generated 
resulting from rotation of the friction agitation welding tool, the plasticized workpiece material 
flees in the corresponding region, so that the second plate workpiece is allowed to heave up at an 
edge of the joint bore to penetrate into the first plate workpice. In consequence, there is formed a 
firm weld between the superposed plate workpieces in the direction of shear deformation and 
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hence an improved weld across a joint between the superposed plate workpieces. 

It i$ preferred that the superposed plate workpieoes are different in material from each 
other and the first plate workpiece is lower in softness than the second plate workpiece. For 
example, the second plate workpiece is made up of a steel plate and the first plate workpiece is 
made up of an aluminum plate. 

The foregoing object of the present invention is also accomplished by a friction agitation 
welding device for forming a weld across a joint between superposed plate workpieoes 
comprising a first or upper plate workpiece made up of one or more plates and a second or lower 
plate workpiece made up of a single plate having a through hole or bore as a joint bore formed 
therein. The friction agitation welding device comprises a rotatably driven friction agitation 
welding tool adapted to penetrate a joint between the superposed plate workpieces from a first or 
upper plate wotkpiece so as thereby to plasticize a material of the plate workpieoes with 
factional heat generated resulting from rotation of the friction agitation welding tool and a 
back-up tool aligned with the friction welding tool in an axial direction of the joint . and 
supporting the superposed plate workpieoes from a side of the second plate workpiece and 
having a circular cavity whose opening diameter is greater than a diameter of the joint bore of 
the second plate workpiece. 

According to the friction agitation welding device, the cavity of the back-up tool that is 
greater in diameter than the joint bore allows the plasticized workpiece material partly to run off 
out of the joint bore and spread outward in radial directions around the joint bore. When the 
plasticized workpiece material is solidified, the second plate workpiece is firmly held between 
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the solidified workpiece material out of the joint bore and the first plate workpiece. Further, the 
plasticized workpiece material run off out of the joint bore exerts pressure on an edge of the joint 
bore against the friction agitation welding tool. Accordingly, as plasticization of the material of 
the second plate workpiece (at the inner wall and the edge of the joint bore) develops, the 
plasticized workpiece material is allowed to heave up at the top edge of the joint bore to 
penetrate into the first plate workpice. In consequence, there is formed a firm weld across a joint 
between the superposed plate woxkpieces. 

It is preferred for the friction agitation welding tool to have a cylindrical friction agitation 
spindle that penetrates into the first plate wirkpiece while urging the friction agitation welding 
tool and the first plate workpiece together whereby generating fractional heat to create a 
plasticized region in a workpiece material around the friction agitation spindle and an annular 
groove formed coaxially with and around the friction agitation spindle. Accordingly, as the 
workpiece material is plasticized with factional heat generated resulting from rotation of the 
friction agitation welding tool, the plasticized workpiece material flees into the annular groove, 
so that the second plate workpiece is allowed to heave up at the top edge of the joint bore to 
penetrate into the first plate workpiece. In consequence, there is formed a firm weld between the 
. superposed plate workpieces in the direction of shear deformation and hence an improved weld 
across a joint between the superposed plate workpieces. 



BRIEF DESCRIPTION OF THE DRAWINGS 



The above and other objects and features of the present invention will be understood 
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from the following description of a specific embodiment thereof when considering in 
conjunction with the accompanying drawings, wherein the same reference numerals denote same 
or similar parts throughout the drawings, and in which: 

Figures 1 is a schematic view of a robotic welding machine equipped with a friction 
agitation welding device according to a preferred embodiment of the present invention; 

Figures 2 is a schematic view of a welding head including the friction agitation 
welding device; 

Figures 3 is a side view showing details of the friction agitation welding device which 
is used to form a weld across a joint between two superposed plate workpieces; 

Figures 4 is a side view of the friction agitation welding device in an initial step of a 
welding process; 

Figures 5 is a side view of the friction agitation welding device in a subsequent step of 
the welding process; 

Figures 6 is a side view of the friction agitation welding device in a terminative step of 
the welding process; 

Figures 7 is a side view showing details of a friction agitation welding device 
according to another preferred embodiment of the present invention; 

Figures 8 is a side view of the friction agitation welding device in an intermediate 
step of a welding process; 

Figures 9 is a side view of the friction agitation welding device in a terminative step of 
the welding process; 
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Figures 10 is a side view showing details of a friction agitation welding device 
according to still another preferred embodiment of the present invention which is used to form a 
weld across a joint between three superposed plate workpieces; 

Figures 11 is a side view showing details of a friction agitation welding device 
according to still another preferred embodiment of the present invention; 

Figures 12 is a side view showing details of a faction agitation welding device 
according to yet another preferred embodiment of the present invention; and 

Figures 13 is a side view showing details of a friction agitation welding device 
according to a further preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENT 
Referring to the drawings in detail, and, in particular* to Figures 1 and 2 showing a robotic 
welding machine A for implementing a friction agitation welding method according to a 
preferred embodiment of the present invention, the robotic welding machine A is used, for 
example, to form a weld across a joint between two superposed plate workpieces, such as an 
aluminum alloy plate as a first plate workpiece and a steel plate as a second plate workpiece, o£ 
for example, vehicle bodies, which are positioned in superposed relation. The robotic welding 
machine A basically comprises a welding head positioning robot 2 having a robot arm with a 
welding head 1 and a control unit 3 for controlling operation of the welding head positioning 
robot 2 and the welding head 1. The welding head positioning robot 2 operates to position the 
welding head 1 in a welding spot with respect to superposed plate workpieces W (see Figure 3). 
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A general propose six-shafts vertical articulated manipulator may be employed for the welding 
head positioning robot 2. 

As shown in Figure 2 in detail, the welding head 1 includes two motors 11 and 12 fixedly 
mounted thereto and a generally L-shaped frame 13 and a friction agitation welding device 6 
which comprises a rotatably driven friction agitation welding tool (which is referred to as a 
friction agitation welding tool for simplicity) 4 detachably mounted to the motor 11 and a 
back-up tool 5 detachably mounted to the L-shaped frame 13. These friction agitation welding 
tool 4 and back-up tool 5 are aligned with an axis of welding X and spaced apart to define a 
work-receiving space Sw for receiving the superposed plate workpieces W therein. The motor 12, 
that is desirably a servo motor, rotates the friction agitation welding tool 4 about the axis of 
welding X. The motor 11, that is desirably an induction motor or a servo motor, moves the 
friction agitation welding tool 4 downwardly along the axis of welding X to apply pressure to the 
superposed plate workpieces W. 

The control unit 3 is electrically connected to the welding head positioning robot 2 
through a harness 31, to a relay box 34 through a harness 32, and to the welding head 1 through 
harnesses 33. Hie control unit 3 controls eight shafts, namely two rotary shafts of the motors 1 1 
and 12 and six articulation shafts of the welding head positioning robot 2. 

Referring to Figure 3 showing the friction agitation welding device 6 in detail, the 
friction agitation welding tool 4, that is an integral piece, comprises a cylindrical shank 4a and a 
cylindrical friction agitation spindle 4b having a diameter smaller than die cylindrical shank 4a. 
The back-up tool 5, that is an integral piece, comprises a cylindrical shank 5a having the 
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substantially same diameter as the cylindrical shank 4a of the friction agitation welding tool 4 
and a frost-conical jaw Sb. All of these shanks 4a and 5a, friction agitation spindle 4b and jaw 5b 
are aligned with the axis of welding X. The friction agitation spindle 4b is flat at the tip. 
Otherwise, in light of smooth and steady penetration of the friction agitation spindle 4b into the 
plate workpiece, the friction agitation spindle 4b at the tip is desirably rounded with a curvature 
radius of, for example, 40 nun. When the friction agitation spindle 4b at the tip is rounded, the 
friction agitation spindle 4b produces a centripetal action and, in consequence, smoothly and 
steadily penetrates into the superposed plate workpieces W» 

The jaw 5b is flat at the tip. The friction agitation spindle 4b of the friction agitation 
welding tool 4 extends into the work-receiving space Sw generally normally toward the opposite 
surface of the jaw 5b of the back-up tool 5 along the axis of welding X. 

Friction agitation welding using die robotic welding machine A will be described with 
reference to Figures 3 to 6 below. 

The friction agitation welding method of the present invention is suitably applied to 
formation of a weld across a joint between a plurality, for example two in this embodiment, 
superposed plate workpieces W which are different in material and especially in relative softness. 
The superposed plate workpieces W comprise a first or upper plate workpiece Wl on the side of 
the friction agitation welding tool 4 and a second or lower plate workpiece W2 on the side of the 
back-up tool 5. The upper plate workpiece Wl is higher in relative softness (ie. lower in relative 
hardness) than the second plate workpiece W2. hi this instance, the first plate workpiece Wl is 
made up of an aluminum plate and the second plate workpiece W2 is made up of a steel palate. 



WO 2004/037478 




IZ2003/000061 



The second plate worikpiece W2 is previously provided with a through hole or bore as a joint 
bore 10 that is slightly smaller in diameter than the tip of the frust-conical jaw 5b of the back-up 
tool 5. 

The first plate workpiece Wl and the second plate workpiece W2 are fixedly set in 
superposed relation and put in the work-receiving space Sw between the friction agitation 
welding tool 4 and the back-up tool 5. In the set position, the second plate workpiece W2 is 
positioned with the center of the joint bore 10 aligned with the axis of welding X as shown in 
Figure 3. 

When friction agitation welding starts, the welding head positioning robot 2 manipulates 
and puts the welding head 1 in a specified welding position along the axis of welding X. In the 
welding position, the back-up tool 5 is put right below the joint bore 10 of the second plate 
workpiece W2 and then is brought into contact with the second plate woikpiece W2. 
Subsequently, the motors 11 and 12 are actuated to rotate the friction agitation welding tool 4 
and to move the rotating friction agitation welding tool 4 downwardly normally toward the jaw 
5b of the back-up tool 5 along the axis of welding X until the friction agitation spindle 4b of the 
rotating friction agitation welding tool 4 abuts the first plate workpiece Wl so as thereby to grasp 
the superposed plate woikpieces W (Wl and W2) between the friction agitation spindle 4b of the 
rotating friction agitation welding tool 4 and the jaw 5b of the back-up tool 5 as shown in Figure 
4. While the rotating friction agitation welding tool 4 is kept in abutment against fee first plate 
workpiece Wl, it fiictionally heats the workpiece material of the first plate woikpiece Wl 
adjacent fee friction agitation spindle 4b thereof and causes the workpiece material to plasticine, 
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enabling the friction agitation spindle 4b to penetrate into the first plate woikpiece Wl. In the 
case where the friction agitation spindle 4b at the tip is rounded, penetration of the friction 
agitation spindle 4b into the superposed plate workpieces W is smooth and steady due to a 
centripetal action of the friction agitation spindle 4b. As the rotating friction agitation tool 4 is 
continuously moved downwardly normally toward the jaw 5b of the back-up tool 5 to apply 
pressure between the friction agitation spindle 4b and the first plate woikpiece Wl, the rotating 
friction agitation tool 4 forces the friction agitation spindle 4b to penetrate into the first plate 
woikpiece Wl, plasticizing the woikpiece material of the first plate workpiece Wl and forces the 
plasticized workpiece material WN1 into tbe joint bore 10 of the second plate woikpiece W2 to 
cram and fill it with the plasticized workpiece material Wl-1. As the rotating friction agitation 
tool 4 is further advanced, the friction agitation spindle 4b of the rotating friction agitation tool 4 
comes into the joint bore 10 as shown in Figure 6, causing a plastic flow of the workpiece 
material around the friction agitation spindle 4b within the joint bore 10. With plasticizatioo of a 
surface region of the second plate woikpiece W2 caused by friction heat due to rotation of the 
friction agitation welding tool 4, radial pressure is produced against the entire wall of the joint 
bore 10, providing formation of a strong solid phase weld (indicated by a reference symbol ct S" 
in Figure 6) between the first plate workpiece Wl and the second plate woikpiece W2 across a 
joint (the joint bore 10). At this time, rotation of the friction agitation welding tool 4 also causes 
plasucization of workpiece material then a plastic flow of woikpiece material, between the 
second plate workpiece W2 and a shoulder portion of the rotating friction agitation welding tool 
4 defined between the under side of the cylindrical shank 4a and the friction agitation spindle 4b, 
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resulting in formation of a strong solid phase weld (indicated by a reference symbol 4 T" in 
Figure 6) at an interface between the first plate workpiece Wl and the second plate workpiece 
W2 around the top edge of the joint 

The jaw 5b of the back-up tool 5 abuts against the bottom edge of the joint bore 10 and 
the conical surface of the jaw 5b penetrates into the joint bore 10, causing deformation of the 
second plate workpiece W2 around the jaw Sb. Jh this instance, the jaw 5b is configured so as to 
provide an area of the conical surface engaging with die second plate workpiece W2 made as 
small as possible for preventing factional heat from escaping through the jaw 5b. Therefore, the 
jaw 5b penetrating into the joint bore 10 heaves up the second plate workpiece W2 partly 
plasticized around the joint bore 10 toward the first plate workpiece Wl, resulting in forcing a 
circumferential plasticized workpiece material of the second plate woikpiece W2 around the top 
edge 10a of the joint bore 10 to penetrate into the plasticized workpiece material of the first plate 
workpiece Wl as shown in Figure 6. This penetration improves joint strength between the first 
plate workpiece Wl and the second plate workpiece W2. 

After a lapse of a certain time, the motor 12 is reversed to move the friction agitation 
welding tool 4 upward out of the specified welding position so as thereby to put it in a waiting 
position for another welding operation. The motor 11 is left actuated while the friction agitation 
welding tool 4 is in the waiting position for rapidly cooling down the plastic flow of workpiece 
material of the superposed plate workpieoes W to solidify the weld across the joint, completing 
the lap-welding of the superposed plate workpieces W. 

Figures 7 to 9 show an improved friction agitation welding device 6 for providing 
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increased joint strength of the superposed plate workpieces W. 

A friction agitation welding device 6 comprises a rotatably driven friction agitation 
welding tool 4 detachably mounted to the motor 11 and a back-up tool 5 detachably mounted to 
an generally L-sbaped frame 13. These tools 4 and 6 are aligned with an axis of welding X and 
spaced apart from each other to define a work-receiving space Sw (see Figure 2) for receiving 
superposed plate workpieces W therein. The friction agitation welding tool 4, that is an integral 
piece, comprises a cylindrical shank 4a (a thick shank section 4ai and a thin shank section 4a2) 
and a cylindrical friction agitation spindle 4b having a diameter smaller than die small shank 
section 4a2. The friction agitation welding tool 4 is provided with a shoulder between the thick 
shank section 4ai and the thin shank section 4a* and an annular groove 20 formed in the small 
shank section 4a2 coaxially with and around the friction agitation spindle 4b. The annular groove 
20 serves as a buffer space for receiving a plasticized woikpiece material when the shoulder of 
the friction agitation welding tool 4 is brought into contact with the workpieces. The back-up 
tool 5, that is an integral piece, comprises a cylindrical shank 5a having the substantially same 
diameter as the thick shank section 4ai of the friction agitation welding tool 4 and a frust-conical 
jaw 5b. The back-up tool 5 has an inverted frust-conical cavity 21 extending into the 
frust-conical jaw 5b and enclosed by an annular wall 22. The frust-conical cavity 21 of the 
back-up tool 5 serves as a space for receiving a plasticized woikpiece material. The opening of 
the frust-conical cavity 21, i.e. the opening of the annular wall 22» is larger in diameter than a 
joint bore that is to be formed in the second plate woikpiece W2. The annular wall 22 at its outer 
top is rounded or tapered so as to make a top wall end as thin as possible. 
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When performing friction agitation welding for superposed plate workpieces W, namely 
a first plate workpiece Wl made up of an aluminum plate and a second plate workpiece W2 
made up of a steel plate having a joint bore 10, using the friction agitation welding tool 6, the 
back-up tool 5 is brought into abutment against the second plate workpiece W2 with the 
frust-conical cavity 21 facing the joint bore 10. Under this condition, while the rotating friction 
agitation welding tool 4 is kept in abutment against the superposed plate workpieces W, it 
fictionally heats the material of the superposed plate workpieces W and causes the material of 
the superposed plate workpieces W to be plasticized with factional heat. While the friction 
agitation welding tool 4 continuously rotates and urges the superposed plate workpieces W, a 
plasticized workpiece material Wl-1 of the first plate workpiece Wl is forced downward by the 
cylindrical friction agitation spindle 4b of the friction agitation welding tool 4 so as thereby to be 
plasticized due to friction heated and to be crammed into the joint bore 10 of the second plate 
workpiece W2 and then into the frust-conical cavity 21 of the back-up tool 5 as shown by arrows 
in Figure 8. The plastisized workpiece material Wl-1 spreads outward in radial directions around 
the joint bore 10. As a result, the second plate workpiece W2 is firmly held between the 
solidified workpiece woikpieoe material Wl-1 within and out of the joint bore 10. Therefore, die 
first plate workpiece Wl and the second plate woxkpiece W2 are mechanically firmly joined 
together with increased joint strength in a direction of joint. In addition, during advancement of 
the friction agitation welding tool 4, rotation of the friction agitation welding tool 4 results in a 
plastic flow of the plastisized workpiece material WI-1 around a vertical center axis of the 
cylindrical friction agitation spindle 4b in the joint bore 10. Pressure is produced at the interface 
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between the plastisized workpiece material Wl-1 and the inner wall of the joint bore 10 due to 
interaction between the plastization of workpiece material and the plastic flow of the workpiece 
material Wl-1. As a result, the first plate workpiece Wl and the second plate workpiece W2 are 
mechanically firmly joined together at the interface therebetwen. At this time, rotation of the 
friction agitation welding tool 4 results in plasticization of workpiece material and plastic flow of 
the workpiece material Wl-1 between the top surface of the second plate workpiece W2 and the 
under surfaoe of the thin shank section 4a 2 of the cylindrical shank 4a and also between the under 
surface of the thick shank section 4ai of the cylindrical shank 4a and the top surface of the 
second plate workpiece W2. In consequence, the first plate workpiece Wl and the second plate 
workpiece W2 are mechanically firmly joined together at an interface between the plate 
woikpieces W around the joint bore 10. The pressure-welded part of the plate workpieces W is 
thickenly lined out and marked S in Figure 9. 

During downward movement of the friction agitation welding tool 4. the annular wall 22 
of the back-up tool 5 compresses the second plate workpiece W2 against the first plate 
workpiece Wl, thereby forcing die plasticized workpiece material Wl-1 to enter the annular 
groove 20. Simultaneously, the annular wall 22 of the back-up tool 5 penetrates into the second 
plate workpiece W2, thereby bending circumferential part of the second plate workpiece W2 
around the joint bore 10 against the first plate workpiece Wl. As a result, as shown in Figure 9, a 
top edge portion 10a of the joint bore 10 is easily forced to penetrate into the first plate 
workpieoe Wl. This penetration of the top edge portion 10a of the joint bore 10 provides an 
increased joint strength of the superposed plate Ytotkpieces W in the direction of shear 
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deformation. 

The back-up tool 5 is configured so as to have a contact area as small as possible between 
the annular wall 22 and circumferential portion of the second plate workpiece W2 around the 
joint bore 10 for the purpose of preventing or significantly reducing an escape of firictional heat 
through the superposed plate workpieces W. On the other hand, while the friction agitation 
welding tool 4 is kept rotating in the welding process and the shoulder between the thick and thin 
shank sections 4ai and 4a 2 is kept in contact relation with the first plate workpiece Wl, the 
friction agitation welding tool 4 produces an increased quantity of firictional heat that is supplied 
to the superposed plate workpieces W. The friction agitation welding toll 4 that remains in 
abutment against the superposed plate workpieces W at the shoulder of the cylindrical shank 4a 
decreases pressure applied to the superposed plate workpieces W per unit area, so as thereby to 
prevent the friction agitation spindle 4b from penetrating into the superposed plate workpieces W 
at an excessive speed. 

After a lapse of a specified aging time, the friction agitation welding tool 4 and the 
back-up tool 5 are moved away from the superposed plate workpieces W in opposite directions 
and landed up in a specified waiting position in preparation for another welding operation. The 
friction agitation welding tool 4 is kept rotating during the movement, resulting in rapid cooling 
the superposed plate workpieces W. 

Although the previous embodiments are directed to the lap-welding of two plate 
workpieces W made up of an aluminum plate for the first plate workpiece Wl and a steel plate 
for the second plate workpiece W2 which are approximately the same in thickness, the first plate 
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workpiece Wl may be thicker than the second plate workpiece W2 with the intention of 
lowering a reduction in thickness due to penetration of the friction agitation spindle 4b into the 
second plate workpiece W2. 

Although the previous embodiments are directed to the lap-welding of two superposed 
superposed plate workpieces W comprising two plate workpieces different in material, the 
friction agitation welding method of the present invention is applied to the lap-welding of three 
superposed plate workpieces W such as three aluminum plates Wl or two aluminum plates Wl 
and one steel plates W2. 

As shown in Figure 10 showing the case where the lap-welding of three superposed 
plates workpieces W comprising a first or upper plate workpiece Wl made up of top and 
intermediate aluminum plates Wit and Wti and a second or lower plate workpiece W2 made up 
of a single aluminum plate having a joint bore 10 formed therein. In this instance, it is preferred 
that a friction agitation welding device 6 comprises a friction agitation welding tool 4 having a 
cylindrical shank 4a and a cylindrical friction agitation spindle 4b and a back-up tool 5 having at 
least a frust-conical cavity 21 and an annular wall 22 surrounding the frust-coiucal cavity 21 . 

In the lap-welding process for the three superposed plate workpieces W, the back-up tool 
5 is put right below the joint bore 10 of the second plate workpiece W2 and then brought into 
contact with it. Subsequently, the friction agitation welding tool 4 is actuated to rotate and move 
downwardly until the friction agitation spindle 4b abut$ against the top plate workpiece Wit so 
as thereby to grasp together the three superposed plate workpieces W between the rotating 
friction agitation welding tool 4 and the back-up too SI. While the friction agitation welding tool 
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4 is kept rotating, the friction agitation spindle 4b is forced to penetrate into the first plate 
workpiece Wl, namely the top and intermediate plate woricpieces Wit and Wli, so as to 
plasticize the workpiece material with Motional heat, thereby causing a plastic flow of the 
workpiece material around the friction agitation spindle 4b. In consequence, the plasticized 
workpiece material is crammed into the joint bore 10 of the second plate workpiece W2 and then 
into the frost-conical cavity 21 of the backing tool 5. Similarly to solid-state welding of two 
superposed plate woricpieces that are different in material, the three superposed plate workpieces 
are meohanically firmly joined together. In this instance, the superposed top and intermediate 
plate woricpieces Wit and Wli are joined together resulting from a plastic flow of the workpiece 
material of portions of the top and intermediate plate workpieces Wit and Wli close to the 
interface between them. 

Figure 1 1 shows a simplified variation of the friction agitation welding device 6 shown in 
Figure 9. As shown in figure 11, the friction agitation welding device 6 may comprise a friction 
agitation welding tool 4 having a cylindrical shank 4a and a cylindrical friction agitation spindle 
4b without forming a shoulder therebetween. 

Figure 12 shows another simplified variation of the friction agitation welding device 6 
shown in Figure 9. As shown in figure 12, the friction agitation welding device 6 may comprise a 
friction agitation welding tool 4 having a cylindrical shank 4a without an annular groove 20 
around a cylindrical friction agitation spindle 4b and a back-up tool 5 having an inverted 
frust-conical cavity 21 but no annular wall 22. 

Figure 13 shows a robotic welding machine B according to another embodiment for 
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implementing a friction agitation welding method of the present invention. The robotic welding 
machine B basically comprises a welding head 1 installed on a stand 8 that is provided separately 
from a workpiece positioning robot 2 for positioning superposed plate workpieces W in a 
specified welding spot The welding head 1 itself is basically the same in structure and operation 
as that of the robotic welding machine A. Hie workpiece positioning robot 2 includes a 
manipulatory hand 7 that is known in various forms and may take any well known fonn. The 
woikpiece positioning robot 2 is electrically connected to a control unit 3 through a distribution 
box 35 and a harness 31 . The welding head 1 is electrically connected to a relay box 34 through 
harnesses 33 . The relay box 34 is electrically connected to the control unit 3 through a harness 32 
and to the distribution box 35 through a harness 36 as well. The workpiece positioning robot 2 
clutches superposed plate workpieces W with the manipulator hand 7 and positions them in the 
specified welding spot between a friction agitation welding tool 4 and a buck-up tool 5. 

In light of upgrading the strength of a solid-state weld across a joint of superposed plate 
workpieces W, it is desirable that the second plate workpiece W2 is free from formation of an 
oxidized film at the inner wall of the joint bore 10. Further, it is preferred to apply the friction 
agitation welding method of the present invention to superposed plate workpieces W comprising 
an aluminum plate for a first plate workpiece Wl and a galvanized steel plate for a second plate 
workpiece W2 because a chemical reaction between zinc and aluminum results in improving the 
strength of a weld across a joint between the superposed plate workpieces W. 

Although, in the above embodiments, the back-up tool 5 is described as remaining 
stationary, it may rotate about the axis of welding X a$ well as the friction agitation welding tool 
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4 in Older to provide fictional heat for plasdcization of the superposed plate woikpieces W. In 
addition, the oylindrical shank 4a of the friction agitation welding tool 4 of any embodiment may 
have two shank sections, a thick shank section and a thin shank section, so as to form a shoulder 
therebetween for the purpose of increasing a quantity of fticuonal heat in die superposed plate 
workpieces W and a contact area to the first plate workpiece. 

It is to be understood that although the present invention has been described with regard 
to preferred embodiments thereof, various other embodiments and variants may occur to those 
skilled in the art, which are within the scope and spirit of the invention, and such other 
embodiments and variants are intended to be covered by the following claims. 
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What is plained is: 

1. A friction agitation welding method of forming a weld across a joint between 
superposed plate workpieces disposed and grasped between a rotatably driven Motion agitation 
welding tool and a back-up tool which are opposed to each other in a predetermined axis of 
welding, said friction agitation welding method comprising the steps of: 

preparing superposed plate workpieces comprising a first plate woikpiece made up of one 
or more plates and a second plate workpiece made up of a single plate having a joint bore formed 
therein, 

disposing and grasping said superposed plate workpieces between said rotatably driven 
friction agitation welding tool and said back-up tool with said joint bore being faced to said 
back-up tool; 

rotating and advancing said friction agitation welding tool toward said back-up tool in 
said predetermined axis of welding to cause said friction agitation welding tool to penetrate into 
said first plate wirkpiece while urging said friction agitation welding tool and said first plate 
woikpiece together whereby generating fractional heat to create a plasticized region in a 
workpiece material around said friction agitation welding tool and cramming a plasticized 
workpiece material into said joint bore of said second plate woikpiece; and 

allowing said plasticized woikpiece material to solidify to complete a weld across said 



joint 
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2. A friction agitation welding method as defined in claim 1, wherein said plasticized 
workpiece material i$ partly extruded out of said joint bore so as to spread out of said joint bore. 

3. A friction agitation welding method as defined in claim 1, wherein, while urging 
said friction agitation welding tool and said first plate workpiece together, pressure is applied 
to said second plate workpiece in a region around said joint bore from the outside and is 
relieved from said first plate workpiece in a corresponding region. 

4. A friction agitation welding method as defined in claim 1, wherein said first plate 
woricpiece is different in material from and lower in hardness than said second plate 
workpiece. 

5. A friction agitation welding method as defined in claim 4, wherein said first plate 
workpiece is made up of at least one aluminum plate and said second plate workpiece is made up 
of a single steel plate. 

6. A friction agitation welding method as defined in claim 4, wherein said first and 
second plate workpieces are made of a same material. 



7. A friction agitation welding device for forming a weld across a joint between 
superposed plate workpieces that comprise a first plate woikpiece made up of one or more plates 
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and a second plate workpiece made up of a single plate having a joint bore formed therein, said 
friction agitation welding device comprising: 

a rotatably driven friction agitation welding tool adapted to penetrate a joint between said 
superposed plate woikpieces from said first plate workpiece as to plasticize a material of said 
plate woikpieces with factional heat generated resulting from rotation of said rotatably driven 
friction agitation welding tool; and 

a back-up tool aligned with said rotatably driven friction welding tool in an axis of 
welding and supporting said superposed plate woikpieces from a side of said second plate 
workpiece, said back-up tool having a top cavity whose opening diameter is greater than a 
diameter of said joint bore of said second plate workpiece. 

8. A friction agitation welding device as defined in claim 7, wherein said rotatably 
driven friction agitation welding tool comprises a cylindrical shank and a cylindrical friction 
agitation spindle extending from said shank and having a diameter smaller than said shank. 

9. A friction agitation welding device as defined in claim 8, wherein said shank has an 
annular groove formed in said shank coaxially with and around said cylindrical friction agitation 
spindle. 

10. A friction agitation welding device as defined in claim 7, wherein said bstck-up 
tool is provided with an annular wall surrounding said top cavity. 
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